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It is shown that the differential cross sections of the reactions dd ^ ^Hen and dd ^ ^Hp measured at 
c.m.s. scattering angle 6cm = 60° in the interval of the deuteron beam energy 0.5 - 1.2 GeV demonstrate the 
scaling behaviour, da/dt ^ s~^^, which follows from constituent quark counting rules. It is found also that 
the differential cross section of the elastic dp dp scattering at dcm = 125° — 135° follows the scaling regime 
~ at beam energies 0.5 - 5 GeV. These data are parameterized here using the Reggeon exchange. 


PACS: 13.75.-n, 24.85.+p, 25.10.+S, 25.40.Cm 


Nuclei and nuclear reactions at low and intermedi¬ 
ate energies (or at long and medium distances between 
nucleons tnn > 0.5/to) traditionally are described in 
terms of effective nucleon-nucleon interactions which are 
mediated by the exchange of mesons. In the limit of very 
high energies (s ^ oo) and transferred four-momenta 
(t —>■ oo) the perturbative quantum chromodynamics 
(pQCD) is expected to be applied for explanation of 
nuclear reactions in terms of quarks and gluons. At 
present, one of the most interesting problems in nu¬ 
clear physics is an interplay between the meson-baryon 
and quark-gluon pictures of the strong interaction. The 
main question is the following: at which s and t val¬ 
ues (or, more precisely, relative momenta q of nucleons 
in nuclei) does the transition region from the meson- 
baryon to the quark-gluon picture of nuclei set in? 

A possible signature for this transition is given by 
the constituent counting rules (CCR) PE]- According 
to dimensional scaling PH and pQCD |2], the differ¬ 
ential cross section of a binary reaction AB CD at 
high enough incident energy can be parameterized for a 
given c.m.s. scattering angle 9cm as 
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where n = Na + Nb + Nq + Nb and Ni is the minimum 
number of point-like constituents in the ith hadron (for 
a lepton one has Ni = 1), f{s/t) is a function of 9cm- 
Existing data for many measured hard scattering pro¬ 
cesses with free hadrons appear to be consistent with 
Eq. o m. At present, in a nuclei sector only elec¬ 
tromagnetic processes on the deuteron were found to be 
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compatible with the CCR. So, the deuteron electromag¬ 
netic form factor measured at SLAC 0 and JLab [H| at 
high momentum transfer > A GeV^ approaches to 
the scaling as A{Q^) —i what is in agreement 

with the CCR. The deuteron two-body photodisintegra¬ 
tion cross section yd ^ pn demonstrates the scal¬ 
ing behaviour in the data obtained in SLAC laiHiin! at 
E-y > 1 GeV, 9cm ~ 90° and Jlab EHl at = 1 — 2 GeV 
for 9cm = 89°,69° m According to the data uni , at 
photon energy 3.1 GeV and scattering angle 9cm = 36° 
there is no evidence for the scaling. A nearly com¬ 
plete angular distribution of the cross section of this re¬ 
action recently measured at energies 0.5 — 3.0 GeV m 
demonstrates the s behaviour at proton transverse 
momentum pt >1.1 GeV/c E21- Meson-exchange mod¬ 
els fail to explain the yd ^ pn data at i?..y > 1 GeV (see, 
for example, cni and references [3],[4],[9], [10] therein). 
Recent models based on quark degrees of freedom have 
become quite successful in describing this data. Thus, 
the observed in Ref. IHIIII] forward-backward asymme¬ 
try was described within the Quark-Gluon String (QGS) 
model m using a non-linear Regge trajectory of the nu¬ 
cleon. Other quark models applied to this reaction are 
reviewed in Ref. m 

The dimensional scaling was derived before the QGD 
was discovered. The main assumption was an automod- 
ellism hypothesis for the amplitude of the binary reac¬ 
tion with point-like constituents in colliding (and out¬ 
going) particles and high enough s and t p. The pQGD 
(and, consequently, the scaling behaviour within the 
pQGD) is expected to be valid at very high transferred 
momenta which are not yet reached in existing data for 
nucleon and deuteron form factors mE]. Erom this 
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point of view the origin of the scaling behaviour ob¬ 
served in the reactions with the deuteron at moderate 
transferred momenta EiEiiziiHiiniiiniiiiiini is unclear 
and considered in some papers as a potentially mislead¬ 
ing indicator of the success of pQCD m Moreover, 
the hadron helicity conservation predicted by the pQCD 
was not confirmed experimentally in the scaling region 
(see Ref. CHI and references therein). On the other side, 
in these reactions the 3-momentum transfer Q = I — 5 
GeV/c is large enough to probe very short distances be¬ 
tween nucleons in nuclei, tnn 1/Q < 0.3/to, where 
0.3 /to is a size of a constituent quark m One may 
expect that nucleons lose their separate identity in this 
overlapping region and, therefore, six-quark (or, in gen¬ 
eral case, multi-quark) components of a nucleus can be 
probed in these reactions. In order to get more insight 
into the underlying dynamics of the scaling behaviour 
new data are necessary, in particular, for hadron-nuclei 
interactions. 

In the present paper we show that in hadron inter¬ 
actions with participation of the lightest nuclei ^H, 
and ^He the scaling behaviour given by Eq. o is also 
occurs, specifically, at beam energies around 1 GeV if 
the scattering angle is large enough. In order to estimate 
at which internal momenta Qpn between nucleons in the 
deuteron one should expect the scaling onset, we con¬ 
sider here the reaction yd —> pn assuming that the one 
nucleon exchange (ONE) mechanism dominates. Under 
this assumption the cross section is proportional to the 
squared wave function of the deuteron in momentum 
space da ~ |'!/'d(<7pn)P- Using relativistic kinematics we 
obtain that Qpn is larger than 1 GeV/c at the photon 
energy > 1 GeV and 0cm = 90°. Furthermore, as¬ 
suming for the reaction dd —> ^Hp (or dd ^Hen) 
that the ONE mechanism dominates (Fig^a-b), we get 
da ~ |V'd(gpn)|^ X \'i'h{qNd)\^, where 'i'hiqNd) is the 
overlap between the ^He) and deuteron wave func¬ 
tions and qMd is the N — d relative momentum in the 
^H{ ^He). On this basis we obtain, for example, at 
Td = 0.8 GeV and 0cm = 90° the relative momenta 
qpn = 0.8 GeV/c and qMd = 1-0 GeV/c. This values 
are close to those we have found for the yd ^ pn re¬ 
action in the scaling region. Therefore one may expect 
that the scaling behaviour in the dd ^Hen reac¬ 
tion occurs in the GeV region for large scattering an¬ 
gles, 0cm ~ 90°. In Fig[2Ji,b we show the experimental 
data from Ref. [20] obtained at SATURNE at beam en¬ 
ergies 0.3 - 1.25 GeV for the maximum measured scat¬ 
tering angle 0cm = 60°. Shown on the upper scale is 
the minimum relative momentum in the deuteron for 
the ONE diagram. One can see that at beam energies 
0.5 — 1.25 GeV the data perfectly follow the de¬ 


pendence. (In this reaction n = 6-|-6-|-9-|-3 = 24). 
In Fig. Hi the dashed curve represents the s depen¬ 
dence with arbitrary normalization fitted on the data 
with Xn d f ~ 1.18. For the ONE diagram in Fig. 
H b, which dominates at 0cm = 60°, this region cor¬ 
responds to the internal momenta qpn =0.55GeV/c - 
0.85GeV/c in the deuteron and qMd = 0.60 GeV/c - 
0.94 GeV/c in the ^He {^H) nuclei. Therefore, within 
this model the probed NN-distances in the deuteron are 
less than tmm < 1/0.55 GeV/c= 0.35 fm. This regime, 
in principle, corresponds to formation of a six quark 
configuration in the deuteron. At 0cm = 90° the di¬ 
agrams in Fignji and b are equivalent and correspond 
to higher momenta qpn = 0.7 - l.lGeV/c and qMd = 
0.80 -1.22 GeV/c for the same beam energies 0.5 - 1.25 
GeV. Therefore, continuation of measurements up to 
0cm = 90° is very desirable to confirm the observed 
behaviour. One can see in linear scale that the cross sec¬ 
tion s~^^da/dt, as a function of Td, demonstrates some 
oscillations which are similar to those observed in pp- 
scattering at 0cm = 90° m However, the number of 
available experimenatal points is too small in the scaling 
region (5 or 6) to make a definite conclusion. 

The dp —>■ dp data obtained in different experi¬ 
ments 122112211211131211 at the c.m.s. scattering an¬ 
gle 0cm = 127° are shown in Fig. Hid versus the 
deuteron beam energy Td- This scattering angle cor¬ 
responds to a region of the minimum in the angular 
dependence of the differential cross section dp dp, 
where the contribution of the three-body forces (and 
non-nucleon degrees of freedom in the deuteron) is ex¬ 
pected to be best pronounced 123 El. One can see 
that at low energies (< 0.25 GeV) the cross section falls 
very fast with increasing Td, but the slope of the en¬ 
ergy dependence is sharply changed at about 0.5 GeV. 
Above this energy the cross section is appeared to fol¬ 
low the scaling behaviour. (In the dp —> dp one 
has n = 3-I-6-I-3-I-6 = 18). We can show that a 
similar behaviour is observed at 0cm = 135°. However, 
the parameter Xn d f rather high for the dp —> dp 
data, xl.d.f. = 4.3. The high xl.d.f. value can be, 
probably, addressed to uncertainties in systematic errors 
which are different in various experiments |2fij . There¬ 
fore, new, more detailed data, are requested preferably 
from one experiment covering the whole interval of en¬ 
ergies Td = 1 — 5 GeV. We notice that the discrepancy 
observed in m between the results of the Faddeev cal¬ 
culations and the measured unpolarized cross section 
of the pd —> pd at Tp = 0.25 GeV (corresponding to 
Td = 0.5 GeV in the dp —> dp), is, presumably, caused 
by the deuteron six-quark component which is not taken 
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into account in but, as seen from Fig. [2t, starts 
playing in the pd —> pd at this kinematics. 

Due to very high internal momenta in the d ^ pn 
and Nd ^ vertices, g ^ 1 GeV/c, calcula¬ 

tion with the ^H{ ^He) and deuteron wave functions 
obtained from the Schrodinger equation with conven¬ 
tional NN-potentials are likely unrealistic. Since in the 
reactions yd pn, dd —> ^Hp (or dd ^Hen) 
and dp dp (in the backward hemisphere) an im¬ 
portant contribution comes from the baryon exchange 
mechanism, for numerical estimations we apply here the 
Reggeon exchange formalism developed earlier for the 
pp —> d7r+ reaction at —t < 1.6 (GeV/c)^ and the 
yd ^ pn at > 1 GeV m In this way one may 
estimate to what extent the observed scaling behaviour 
in the dd —> ^Hen {dd —> ^Hp) and dp dp reactions 
is connected to that in the yd —> pn. The amplitude of 
the reaction dd —> p can be written as 


T = T{s,t) + T{s,u), (2) 


where the first (second) term corresponds to the dia¬ 
gram in Fig. n a (b) and the sign plus is chosen due 
to the Bose-statistics for the deuterons. The amplitude 
T{s,t) is written in the Regge form: 


/ „ \ “w(t) 

T{s,t) = F{t) \—j exp 




(3) 

We use here the effective Regge trajectory for the 
nucleon from 1201: aNit) = aN{0) + a'^t + a%l2t'^ 
with the parameters ajsf{0) = —0.5, = 0.9 GeV“^ 

and = 0.4 GeV”'^, so aN{ni%) = where mjy is 
the nucleon mass. The function F{t) is parameterized 
as 1201 


F{t) = 


Cl exp {Rl t) 
- t 


C 2 exp {R^t), 


(4) 


where the first term explicitely takes into account the 
nucleon pole in the t channel. According to 1201 , the sec¬ 
ond term at « 0 is important at \t\ > 1 GeV^, that 
indicates to a presence of structureless configurations 
in the deuteron {^He, ^H) wave functions at short dis¬ 
tances. The results of calculation are shown in Fig. 121b 
and parameters C and R^ are given in the caption. One 
can see a fairly good agreement with the data. For the 
reactions dd ^Hp and dd ^Hen the parameter 
Rf is lower in comparison with that used in 1201 (^f = 3 
GeV^) to fit the pp —> dir^ data. Such a diminishing Rf 
is likely connected to a much more intensive high mo¬ 
mentum nucleon component of the ^He{ ^H) wave func¬ 
tion as compared with the deuteron m The increasing 
ratio C 1 IC 2 could mean that multiquark configurations 


in the ^He{ ^H) become more important at given t as 
compared with the deuteron. We also performed this 
analysis for the dp dp reaction and obtained a good 
agreement with the data under minor modification of 
the parameter R\ and C 1 IC 2 (see Fig. Eld). 

In conclusion, the GGR scaling behaviour is observed 
in cross sections of hadron-nucleus reactions with the 
deuteron and ^He{ ^H) nuclei. This behaviour sets 
in at energies around 1 GeV and large scattering an¬ 
gles, where high momentum components of nuclear wave 
functions are required in the Schrodinger formalism. To 
confirm this observation, more detailed data are neces¬ 
sary for these and other exclusive reactions in the pd, dd, 
p^He collisions, probably, including meson production. 

I am thankful to V.I. Komarov, A.V. Kulikov, 
V.V. Kurbatov, B. Fire and H. Seyfarth for stimulat¬ 
ing discussions. 
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The differential cross section of the dd —> ^Hen and dd ^Hp reactions at 9c.m. = 60° (a, b) and dp dp 
at Oc.m. = 127° (c, d) versus the deuteron beam kinetic energy. Experimental data in (a, b) are taken from 1201 . 
In (c, d), the experimental data (black squares),(o), (A), (open square) and (•) are taken from 1221 . 1201 . 1241 . 

and 1261 . respectively. The dashed curves give the s (a) and s (c) behaviour. The full curves show 
the result of calculations using Regge formalism given by Eqs. (|U, 0 with the following parameters; (b) - 

Ai = 1.9GeE^ Rl = 0.2GeE-^ A 2 = 3.5, Rj = -0.1 GeV^ (d) - Gi = 7.2GeE^ Rj = 0.5Gey-^ G 2 = 1.8, 
i ?2 = —O.lGeE”^. The upper scales in (a) and (c) show the relative momentum qp„ (GeV/c) in the deuteron for 
the ONE mechanism. 









